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ABSTRACT 
review of factors that are likely to contribute to mis5im 
of Ijeadlamp.: is followed by a series of studies to evaluate the 
role of so;i;e of those facto-S. 
Neadlamp 2iming methods are evaluated in terms of the vari- 
ability in aim introduced by subtasks such as: the use of the 
sights used for fi~~ding che vehicle' a long axis, finding the 
lonq axis of the vehicle, and aiming the lamps. Differences 
jere found in the effectiveness of the sights, and finding the 
lcng axis was dependent on the availability of a prominent hood 
centeriine cn the vehicle. The photometric device provided lower 
variability in aiming a headlamp than a visual machine, with the 
latter less effective than the use of a large aiming screen. 
When the errors due to use of a sighting device and finding the 
vehic.ic's long axis are included, both the photometric and the 
visual machines introduce considerable errors, particularly in 
the horizontal. On the easiest to aim cars, with clearly defined 
centerlines, the photometric and visual ~vachines, respectively, 
would allow about 95% and 50% of the aim of headlamps to fall in 
the SAE specifications. 
The quality of headlamp aiming by service stations, repair 
shops and dealer service departments was found to be a contributor 
to poor aim, since only 38% of the outlets aimed all four lamps 
on a tesc car to within specifications. By comparison, a survey 
of the headlamp aim of new cars on dealers'lots, in as-received 
condition, showed that at worst 35% and at best 95% of the cars 
on any one lot were within specification. 
The effect of vehicle service on aim was ir~vestigate(i by 
periodically checkin9 the aim of a sample of vehicles. Most of 
the change in aim occurred in the first two months of the eight- 
month survey, and amounted to a standard deviation in aim of 0.3" 
vertically and 0.2 '  horizontally for passenger cars, The changes 
i n  ;';:?adlamp aim that occurred in a sample of trucks over a period 
2f  six months was larger than found for the automobiles. 
Vehicle loading effects were found to be substantial, and 
usually raised the beam. 
It was concluded that improved training of service personnel 
In the use and maintenance of aimers is needed. Mechanical aimers 
offer greater reliability than otner types, Ways need to be found 
to reduce the errors in locating the vehicle's long axis, before 
other irethocis can be recomtended, Since factory aim is generally 
better t n a n  in the service trade, it may be suggested that new 
car aim should be checked but not disturbed unless a large error 
is found. 
Other f&ctors, such as alignment problems caused by radial 
tires, interference of bezels, and reduction in the friction of 
headlamp aia adjusting mechanisms, are discussed. 
TNTRODUCTION: PROBLEMS I N  AUTOMOBILE HEADLAMP AIM 
The i n a b i l i t y  t o  c o r r e c t l y  aim headlamps and m a i n t a i n  t h a t  
aim i s  pe rhaps  t h e  major  impediment t o  h e a d l i g h t i n g  improvements 
f o r  motor v e h i c l e s .  C l e a r l y ,  improvements i n  t h e  beam i n t e n s i t y  
d i s t r i b u t i o n  w i l l  r e s u l t  i n  l i t t l e  b e n e f i t  i n  v i s i b i l i t y  o r  
a d e q u a t e l y  c o n t r o l  g l a r e  t o  oncoming d r i v e r s ,  u n l e s s  t h e  l i g h t  
i s  p r o j e c t e d  i n  t h e  i n t e n d e d  d i r e c t i o n  when i n s t a l l e d  on o p e r a t -  
i n g  motor v e h i c l e s .  
Tha t  misaim o f  headlamps on v e h i c l e s  i s  common h a s  l ong  been 
known. For example,  t h e  PMVI program i n  V i r g i n i a  s t a r t e d  i n  1932. 
Over t h e  y e a r s ,  t h e  V i r g i n i a  i n s p e c t o r s  have r e j e c t e d  n e a r l y  60% 
of  v e h i c l e s  f o r  f a u l t y  aim, and a n o t h e r  1 4 %  f o r  needed lamp 
r e p a i r s  ( T e r r y ,  1 9 7 3 ) .  While t h e  p e r c e n t a g e s  v a r y  from one  PMVI 
j u r i s d i c t i o n  t o  a n o t h e r ,  t h e  u s u a l  f i n d i n g  i s  t h a t  lamp misaim 
i s  t h e  most conrnon r e a s o n  f o r  r e j e c t i o n .  
Heath (1973) h a s  r e c e n t l y  summarized t h e  problems w i t h  lamp 
aiming i n  t h e  e a r l y  y e a r s .  The i n t r o d u c t i o n  o f  mechan ica l ly  
a imable  headlamps i n  1955 was a  major  improvement s i n c e  it made 
p o s s i b l e  a  q u i c k ,  a c c u r a t e  and inexpens ive  aiming system. I n  
s p i t e  of t h i s ,  misaimed headlamps a r e  s t i l l  a  s i g n i f i c a n t  prob- 
lem. I n  r e c e n t  y e a r s  t h e r e  have been some s e r i o u s  e f f o r t s  t c  
i d e n t i f y  major  s o u r c e s  of misaim v a r i a n c e  and e v a l u a t e  v a r i o u s  
a iming t e c h n i q u e s  ( e , g . ,  Jehu ,  1954a; P inch  e t  a l . ,  1969; H u l l  
e t  a l . ,  1972; and Walker,  1 9 7 2 ) .  I t  i s  a p p a r e n t  t h a t  t h e r e  a r e  
many s o u r c e s  of  lamp misaim, some of which s t i l l  l i e  i n  t h e  
a iming equipment.  The s i t u a t i o n  i s  such t h a t  m o t o r i s t s  a r e  o f t e n  
p l a c e d  i n  t h e  vexing  p o s i t i o n  of having  lamps r e j e c t e d  a s  mis- 
aimed by an i n s p e c t i o n  s t a t i o n ,  b u t  c o n s i d e r e d  wi th i r .  l i m i t s  by 
t h e  s e r v i c e  f a c i l i t y  t o  which t h e y  were t a k e n  f o r  c o r r e c t i o n ,  
T h i s  problem h a s  been w e l l  summarized by Murphy ( 1 9 7 3 ) ,  who 
p r e s e n t s  f i g u r e s  showing t h e  p r o b a b i l i t y  of a  lamp, se t  t o  s p e c i -  
f i c  d e g r e e s  of  misaim by a  mechanica l  a imer ,  b e i n g  a c c e p t e d  a s  
w i t h i n  l i m i t s  when i n s p e c t e d  by o t h e r  methods. I n  t h e  w o r s t  
c a s e ,  h i s  d a t a  i n d i c a t e  t h a t  a  lamp which i s  misaimed by 2 . 5  
i n c h e s  h o r i z o n t a l l y  a t  2 5  f e e t  would be  r e j e c t e d  ( i . e . ,  judged 
t o  be  misaimed by more t h a n  4 i n c h e s )  25% o f  t h e  time when 
checked by one o p t i c a l  d e v i c e .  
Murphy's d a t a  a r e  based  on c h s e  t o  i d e a l  c o n d i t i o n s .  Add 
t o  thern v a r i a n c e  a s s o c i a t e d  w i t h  l o a d ,  m i s c a l i b r a t e d  equipment ,  
c a r e l e s s  o p e r a t o r s ,  e t c .  and t h e  s i t u a t i o n  shou ld  d e t e r i o r a t e  
even more. 
The d a t a  r e p o r t e d  i n  t h i s  pape r  a r e  i n t e n d e d  t o  supplement  
t h o s e  a l r e a d y  p u b l i s h e d  by o t h e r s .  Some of t h e  s t u d i e s  a r e  
r e p l i c a t i o n s  of  work r e p o r t e d  by o t h e r s ,  b u t  w i t h  changes which 
it i s  hoped w i l l  add v a l u e  t o  t h e i r  i n t e r p r e t a t i o n .  Some of  t h e  
o t h e r  s t u d i e s  have n o t  been r e p o r t e d  e l s e w h e r e ,  t o  ou r  knowledge. 
SPECIFICATIONS AND PROCEDURES FOR HEADLAMP AIMI l JG 
The i n f o r m a t i o n  on s p e c i f i c a t i o n s  and p rocedures  f o r  head- 
lamp aiming i n  t h e  Uni ted  S t a t e s  i s  c o n t a i n e d  i n  S A E  S t a n d a r d s  
J599 and J602 and SAE Recommended P r a c t i c e  J600.  
J599 ( c u r r e n t l y  599c,  a s  r e v i s e d  i n  A p r i l ,  1972)  c o n t a i n s  
t h e  b a s i c  i n f o r m a t i o n  r e g a r d i n g  method of aim ( v i s u a l ) ,  p o s i t i o n -  
i n g  o f  h i g h  i n t e n s i t y  zones ,  and i n s p e c t i o n  l i m i t s  f o r  s t a n d a r d  
h i g h  and low beams a s  well a s  symmetr ica l  f o g  lamps. Inc luded  
i n  t h e  t a b l e d  summary a r e  recommended l imi t s  and s e t t i n g s  f o r  
mechanica l  a imer s  a s  w e l l .  Under Equipment t h e  s t a n d a r d  recom- 
mends t h a t  mechan ica l ly  a imable  lamps b e  aimed w i t h  mechanic21 
a i m e r s ,  and s u g g e s t s  v i s u a l  a iming a s  an  a l t e r n a t i v e .  
The SAE ~ecomrnended p r a c t i c e  5600 ( c u r r e n t l y  600a,  l a s t  
r e v i s e d  i n  November, 1963)  i s  concerned  w i t h  headlamp aiming 
machines o t h e r  t h a n  mechanica l  d e v i c e s .  I t  d e f i n e s  a  l a b o r a t o r y  
t e s t  p rocedure  which measures  t h e  a b i l i t y  of  such d e v i c e s  t o  aim 
v a r i o u s  t y p e s  of lamps w i t h i n  l i m i t s  a s  s t a t e d  i n  5600. Among 
t h e  s p e c i f i c a t i o n s  g iven  i n  J600 which a r e  p e r t i n e n t  t o  t h e  sub- 
j e c t  o f  t h i s  r e p o r t  a r e :  
a )  Alignment w i t h  t h e  l o n g  a x i s  o f  t h e  v e h i c l e  w i t h i n  0 . 1  
d e g r e e  ( a b o u t  0 .5  i n c h  a t  25  f e e t )  , 
b)  A 1 1  normal d r i v i n g  lamps, which i n c l u d e s  s t a n d a r d  h i g h  
and low beams and a u x i l l i a r y  d r i v i n g  and meet ing  lamps shou ld  b e  
a imable  s o  t h a t  t h e y  do n o t  v a r y  more t h a n  1 i n c h  a t  25 f e e t  
v e r t i c a l l y  and 2 i n c h e s  a t  25 f e e t  h o r i z o n t a l l y  when aimed by 
expe r i enced  p e r s o n n e l .  
J602 ( c u r r e n t l y  6O2a, l a s t  r e v i s e d  i n  J u l y ,  1970)  i s  con- 
c e r n e d  w i t h  mechanica l  a iming d e v i c e s .  A s  does  J6O0, it d e f i n e s  
l a b o r a t o r y  p rocedures  f o r  de t e rmin ing  accu racy  w i t h i n  limits a s  
s p e c i f i e d  i n  t h e  s t a n d a r d .  The s t a n d a r d  c a l l s  f o r  v e r t i c a l  aim 
c o n t r o l  w i t h i n  0 .5  i n c h  a t  25 f e e t  and h o r i z o n t a l  aim w i t h i n  
1 . 0  i n c h  a t  25 f e e t .  
FACTORS AFFECTING HEADLAMP A I M  
A s  a l r e a d y  i n d i c a t e d ,  t h e r e  a r e  a  number of  s o u r c e s  o f  
headlamp aim v a r i a n c e .  These can  be  grouped a s :  f a c t o r s  asso-  
c i a t e d  w i t h  (1) t h e  headlamp i t s e l f ,  ( 2 )  t h e  v e h i c l e ,  and ( 3 )  
a iming t e c h n i q u e s  and d e v i c e s .  
R e l a t i v e  t o  t h e  t o l e r a n c e s  sugges t ed  i n  SAE J599c ( + 4  i n c h e s  
a t  25 f e e t  b o t h  v e r t i c a l l y  and h o r i z o n t a l l y )  many of t h e  f a c t o r s  
a r e  p robab ly  minor.  However, a s  s h a l l  b e  shown l a t e r ,  some a r e  
q u i t e  s i g n i f i c a n t .  When a l l  s o u r c e s  of  v a r i a n c e  a r e  sum.ecl t h e  
t o t a l  i s  c o n s i d e r a b l e  and i t  i s  e a s y  t o  unde r s t and  why headlamp 
misaim i s  such a common problem. 
LAMP FACTORS 
1. MISORIENTATION OF THE AIMING PLANE. The intention of 
the lamp manufacturer is to define the aiming plane so that a 
line from the lamp center and normal to the plane would pass 
through the HV point appropriate for that beam as defined in 
Most if not all manufacturers and most service outlets 
utilize mechanical aimers. Such devices assume proper orienta- 
tion of the aiming plane. There is some variability in the 
orientation of the aiming plane, although the amount is not 
known precisely. Finch et al. (1969), in a test using 79 repre- 
sentative headlamp units, reported that about two-thirds of his 
sample could meet photometric requirements if the aiming planes 
were reoriented. However, his data are not presented in a way 
that allows an estimate of the variance. 
2. BEAM PATTERNS. As described in SAE J599c, visual aiming 
requires positioning of a high intensity zone relative to hori- 
zontal-vertical references. The most critical beam to aim is 
the low or meeting beam and the more nearly the actual projected 
beam approaches a sharply-defined, rectangular pattern, the 
easier it is to aim. In fact, the edges of the high intensity 
zone are normally rather fuzzy and often not flat, Variations 
in beam pattern certainly complicate the problem of aiming lamps 
visually, although the precise extent is unknown. As will be 
shown later, visual aiming is relatively less accurate than 
other methods. However, the studies reported here, as well as 
those reported elsewhere, confound beam pattern differences with 
other sources of variance. 
3. DIFFERENCES BETWEEN BEAM AND MOUNTING PLANE. Many motor- 
ists and, as will be shown, many service people, apparently 
assume that a nonfunctional bulb can be replaced without reaiming. 
I n  f a c t ,  it i s  h i g h l y  u n l i k e l y  t h a t  t h e  new lamp w i l l  have 
e x a c t l y  t h e  same aim a s  t h e  o l d  one.  For  t h o s e  lamps where t h e  
r e l a t i o n s h i p  between beam and aiming p l a n e  i s  de termined  by mov- 
i n g  t h e  f i l a m e n t ,  t h e  v a r i a n c e  w i l l  p robab ly  be  less t h a n  f o r  
lamps where t h e  same end i s  accomplished by g r i n d i n g  t h e  aiming 
b o s s e s .  However, i n  e i t h e r  c a s e  a  new lamp shou ld  be aimed a f t e r  
i n s t a l l a t i o n ,  
Some i n d i c a t i o n  o f  t h e  e x t e n t  of  misaim a t t r i b u t a b l e  t o  
t h i s  s o u r c e  can be  o b t a i n e d  from t h e  d a t a  r e p o r t e d  by Finch  e t  a l .  
( 1 9 6 9 ) ,  who found t h a t  abou t  h a l f  of  t h e i r  140-lamp sample would 
have been o u t s i d e  t h e  C a l i f c r n i a  Lamp A d j u s t i n g  S t a t i o n  t o l e r -  
ances  i f  t h e y  were used t o  r e p l a c e  a  c o r r e c t l y  aimed u n i t .  ( p e r -  
t i n e n t  t o l e r a n c e s ,  a t  25 f e e t ,  were between 0.5" down t o  3.5'' 
down f o r  b o t h  t y p e  1 and 2 u n i t s ,  and between 1.0"  l e f t  t o  4.0" 
r i g h t  f o r  t y p e  2 and 4.0" l e f t  t o  4.0" r i g h t  f o r  t y p e  1 u n i t s . )  
H u l l  e t  a l .  (1972) have a l s o  i n v e s t i g a t e d  t h i s  problem. The 
lamps on 2 7  v e h i c l e s  were se t  t o  0-0 u s i n g  mechanical  a imers  and 
t h e n  r e p l a c e d  w i t h  new b u l b s .  The aim o f  t h e  new u n i t s  were t h e n  
checked.  They r e p o r t  s t a n d a r d  d e v i a t i o n s  of  2 . 4  and 1 .9  i n c h e s  
a t  25 f e e t  f o r  t h e  h o r i z o n t a l  and v e r t i c a l  d imens ions ,  r e spec -  
t i v e l y ,  f o r  t h e  newly i n s t a l l e d  lamps. Twelve p e r c e n t  of t h e i r  
sample was o u t s i d e  t h e  l i m i t s  o f  4 i n c h e s  a t  25  f e e t .  
4. CHMJGE AS A FUNCTION OF USE. I t  would be  expec ted  t h a t  
a s  lamps a r e  burned and exposed t o  v i b r a t i o n  i n  u s e ,  t h e  aim 
and/or  beam p a t t e r n  may change due t o  changes i n  t h e  r e l a t i o n s h i p  
between t h e  f i l a m e n t  and r e f l e c t o r ,  f i l a m e n t  d e p o s i t s  on r e f l e c -  
t o r  and l e n s ,  and a g i n g  o f  t h e  f i l a m e n t .  F inch  e t  a l .  (1969) 
r e p o r t  v e r y  s u b s t a n t i a l  changes i n  pho tomet r i c  performance f o r  
a  sample of lamps a f t e r  90 days  of  s e r v i c e .  However, many ~f 
t h e s e  t e s t  c a r s  were i n  s e r v i c e  w i t h  t h e  C a l i f o r n i a  Highway 
P a t r o l  and, a s  s u c h ,  were l i k e l y  exposed t o  ha rd  s e r v i c e .  H i s  
data may represent an overestimate of what would be encountered 
in a sample of vehicles opposed to normal service. 
Hull et al. (1972) also report data related to this problem. 
Their sample of six lamps were photometered and were each used 
for 20 to 65 hours in normal service. Photometric checks after- 
ward revealed shifts in the point of maximum intensity averaging 
less than 0.5 degree. The maximum change was one degree. The 
authors concluded that there was no significant change in aim as 
a function of service. 
What constitutes a significant change in aim is, of course, 
debatable. In our judgment, the fact that approximately half 
the sample of lamps showed an aim change in service of 0.5 degree 
(about 2.6 inches at 25 feet) or more would make it one of the 
more important sources of aim variance. 
It should be noted too that changes in aim of this type 
cannot be corrected by use of mechanical aimers. Thus, the data 
suggest that mechanical aimers are of less value in checking or 
aiming older lamps. 
CAR FACTORS 
1. LAMP MOUNTING MECHANISM. All American-built cars mount 
headlamps in the same basic way. The bulb is clamped into a 
bowl-shaped stamping by means of a retaining ring, This stamp- 
ing contains notches to assure that the appropriate bulb is 
installed in the correct orientation. The whole assembly of 
retaining ring, bulb and stamping is secured to another stamp- 
ing by means of two screws and a spring in tension. There are 
three points of contact between the two stampings, and the lamp 
assembly can be rotated right-left and up-down by means of the 
two screws. For purposes of this discussion the mechanism serves 
two important functions, lamp aim and aim maintenance. 
When in good condition the mechanism is a crude, though 
effective means of adjustment. As the vehicle ages, dirt and 
rust accumulate on the bearing points, with a consequent increase 
in friction. It is easily possible for a careless or untrained 
service person to make a lamp adjustment so that only friction 
between the stampings is opposing the tension spring, Under such 
conditions vibrations of normal service will quickly cause the 
lamp to go out of adjustment. 
The ability of the system to maintain an aim setting depends 
on its structural integrity. Some authors (e.g., Finch et al., 
1969) have complained that the mechanism is insufficiently sturdy 
for its purpose. A fuller examination of this problem will be 
reported later in this paper. 
2. DOG TRACKING. The tracking axis of a vehicle is nor- 
mally perpendicular to the rear axle. When the rear axle is not 
perpendicular to the long axis of the car the tracking axis and 
long axis will not be the same. In extreme cases this condition, 
called "dog tracking," can be readily noted while following an 
affected vehicle, although dog tracking to such an extent would 
normally result from collision damage. Virt.ually all aiming 
techniques assume that the tracking axis and the long axis are 
parallel. To the extent that the vehicle dog tracks the lamps 
will be misaimed laterally. 
An indication of the variance attributable to dog tracking 
in normal production vehicles is given in a study reported by 
Walker (1972). Measurements of dog tracking were taken on twenty- 
five, 1970 model vehicles. The results were reported in terms of 
lamp misaim in inches at 25 feet. Of this sample, 445 dog tracked 
to an extent that produced a misaim of less than one inch. Eighty 
percent tracked to produce a misaim of less than two inches. The 
worst misaim in this sample was about four inches. 
Thus, it would appear  t h a t  dog t r a c k i n g  i s  a  s i g n i f i c a n t  
problem i n  lamp aim, w i t h  perhaps  2 0 %  of new c a r s  a f f e c t e d  t o  
an e x t e n t  which produces a  misaim of two o r  more inches .  I f  t h e  
sample had been drawn from o l d e r  v e h i c l e s  t h e  problem might have 
been shown t o  be  s u b s t a n t i a l l y  more s e r i o u s .  
Unfor tuna te ly ,  c o r r e c t i n g  f o r  dog t r a c k i n g  i s  n o t  s imple.  
The most exped ien t  procedure  r e q u i r e s  a  dynamometer, a  most 
u n l i k e l y  p i e c e  of equipment f o r  a  s e r v i c e  o u t l e t  t o  have. Very 
s imple ,  i nexpens ive  compensation t echn iques  must be developed 
b e f o r e  most s e r v i c e  o u t l e t s  can be expected  t o  a c q u i r e  them. I n  
t h e  meantine,  a t  l e a s t  some manufac turers  a r e  employing aiming 
procedures  which compensate f o r  dcg t r a c k i n g .  A t  p r e s e n t  a  new 
e a r  which dog t r a c k e d  s i g n i f i c a n t l y  b u t  had c o r r e c t l y  s e t  head- 
l i g h t s  would be misaimed a t  a lmost  any s e r v i c e  o u t l e t  and could  
w e l l  f a i i  a t  an i n s p e c t i o n  s t a t i o n .  
3 .  MATCHBOXING. By d e s i g n ,  p a i r e d  headlamps a r e  in t ended  
t o  be  p o s i t i o n e d  i n  a  l i n e  p e r p e n d i c u l a r  t o  t h e  long  a x i s  of t h e  
v e h i c l e .  The c o n d i t i o n  when they  a r e  no t  i s  c a l l e d  "matchboxing." 
Mechanical a imers  make a l a t e r a l  s e t t i n g  w i t h  r e f e r e n c e  t o  a  l i n e  
p a r a l l e l  t o  t h e  headlamp aiming p lane  and a r e  a f f e c t e d  by match- 
boxing. 
The e x t e n t  t o  which matchboxing c o n t r i b u t e s  t o  headlamp m i s -  
aim has  n o t  been i d e n t i f i e d  p r e c i s e l y .  Walker (1972) r e p o r t s  a  
s t u d y  of matchboxing and dog t r a c k i n g  on 50 c a r s ,  b u t  t h e  d a t a  
a r e  n o t  s e p a r a t e d .  However, t h e  i n v e s t i g a t i o n  of dog t r a c k i n g  
e f f e c t s  mentioned above, a l s o  r e p o r t e d  by Walker, does make 
p o s s i b l e  a ve ry  rough approximation of  t h e  magnitude of  match- 
boxing. Walker r e p o r t s  a  s t a n d a r d  d e v i a t i o n  of 1 .23 f o r  t h e  two 
sources  combined and 0 . 9 8  ( t h e  0 . 6 2  r e p o r t e d  i n  t h e  paper  i s  
a p p a r e n t l y  i n  e r r o r )  f o r  dog t r a c k i n g  a lone .  Assuming t h e  two 
t e s t  v e h i c l e  popu la t ions  t o  be comparable,  a  s t a n d a r d  d e v i a t i o n  
of about  0 . 7 4  i n c h e s  a t  25 f e e t  i s  i n d i c a t e d  f o r  matchboxing. 
8 
By t h i s  approximation,  matchboxing would appear  t o  a f f e c t  
perhaps one c a r  i n  a  hundred more than  +2 inches .  Thus, a s  b e s t  
a s  can be a s c e r t a i n e d ,  matchboxing appears  t o  be a  problem of 
somewhat less consequence than  dog t r a c k i n g .  However, it i s  a 
s i g n i f i c a n t  a d d i t i o n a l  source  of e r r o r  f o r  t h o s e  aiming t echn iques  
a f f e c t e d  by it. 
4 .  STATIC LOADING. A s  t h e  headlamps a r e  a t t a c h e d  t o  t h e  
sprung mass of t h e  v e h i c l e ,  any change i n  t h e  v e h i c l e  a t t i t u d e  
around t h e  p i t c h  a x i s ,  however a r r i v e d  a t ,  w i l l  change t h e  ver-  
t i c a l  aim of t h e  headlamps. While m a t t e r s  such a s  broken s p r i n g s  
and badly  u n d e r i n f l a t e d  t i r e s  can a f f e c t  aim i n  t h e  same way, t h e  
most common problem i s  load .  
Typical ly,  a  f u l l - s i z e  American-buil t  sedan i s  r a t e d  a t  1 1 0 0  
pounds load  (900 pounds i n  passengers  and 2 0 0  pounds baggage) .  
Probably most m i l e s  a r e  d r i v e n  wi th  one o r  two passengers  
i n  f r o n t  and l i t t l e  o r  no baggage; however, a  v a r i e t y  of o t h e r  
combinat ions a r e  encountered ,  i n c l u d i n g  s u b s t a n t i a l  over loads .  
I n  t h e  usua l  i n s t a n c e  t h e  lamps a r e  s e t  f o r  a  "normal" load  
c o n d i t i o n  and o t h e r  c o n d i t i o n s  r e s u l t  i n  reduced lamp e f f e c t i v e -  
n e s s  and/or i n c r e a s e d  annoyance t o  o t h e r  d r i v e r s .  
There a r e  a  number of ways, va ry ing  i n  complexity,  i n  which 
t h i s  problem can be  solved.  
A. Manual Adjustment by t h e  Dr iver .  Using a c a l i b r a t e d  
screw, l e v e r  o r  some o t h e r  dev ice ,  i t  could be p o s s i b l e  f o r  t h e  
d r i v e r  t o  a d j u s t  h i s  lamps manually t o  compensate f o r  load  con- 
d i t i o n s .  However, systems which r e q u i r e  d r i v e r s  t o :  (1) under- 
s t a n d  t h e  need and, ( 2 )  be w i l l i n g  t o  l e a r n  how and when t o  do 
something a r e  f a t e d  t o  low l e v e l s  of p roper  use.  I t  can be 
argued t h a t ,  s o  long a s  it i s  n o t  p o s s i b l e  t o  abuse t h e  system 
( i . e . ,  aim t h e  l i g h t s  t o o  h i g h ) ,  such a dev ice  w i l l  h e l p  t h o s e  
who choose t o  use  it p r o p e r l y  and h u r t  no one. 
Simple, two-level manual compensators are used on some 
European cars. Their general use may aid the problem of verti- 
cal misaim due to load. 
B. Automatic Lamp Adjustment. Devices which automatically 
reaim the headlights to compensate for vehicle loading overcome 
the primary objection to manual systems (low use levels or mis- 
use), They do so at appreciably higher cost, however. Auto- 
matic lamp aiming systems are available at present (Hull et al., 
1972) and seem to work adequately well. Whether their universal 
use can be justified on a cost-benefit basis remains to be estab- 
lished. 
C .  Automatic Vehicle Trim Adjustment. Some vehicles are 
equipped with systems which maintain a level trim regardless of 
load. Many vehicles can be so equipped at the owner's option. 
Manual trim adjustment options are also available, accomplished 
by adding air to the rear shock absorbers. Solving the lamp mis- 
aim problem being here discussed is one of the benefits provided 
by such systems. 
Most cars on the road today are without vertical aim com- 
pensation of any kind and load variations are potentially a very 
significant source of lamp misaim. Some documentation of the 
extent of the problem has been produced by Hignett (1970) for 
British cars and by Hull et al. (1972) for a sample of domestic 
and foreign vehicles in the United States. A later section of 
this paper will describe another survey conducted on some vehicles 
in this country. 
5. DYNAMIC LOADING. Changes in pitch angle associated w i t h  
dynamic forces acting on the vehicle can be considerable. Short- 
term changes resulting from road geometry, etc. are of little 
consequence. However, Hull et al. (1972) found upward shifts of 
0.5 degree or more lasting 12 seconds during hard acceleration of 
t h e i r  t e s t  v e h i c l e .  Such an aim change would i n c r e a s e  t h e  d i s -  
comfort exper ienced by oncoming and preceding d r i v e r s .  
6 .  TIRES. Walker (1973) has  r e p o r t e d  measures of s i d e  
f o r c e s  produced by some tires. Many t i r e s  produce l a t e r a l  f o r c e s  
i n  s t r a i g h t  ahead d r i v i n g ,  caus ing  t h e  v e h i c l e  t o  dog t r a c k  t o  
some e x t e n t .  The e f f e c t  i s  g e n e r a l l y  n e g l i g i b l e .  Recent measures 
have shown t h a t  some t i r e s  produce l a t e r a l  f o r c e s  of up t o  75 
pounds,  which could  b r i n g  about  a  l a t e r a l  misairn of  about  an inch  
a t  2 5  f e e t  i n  a  f u l l - s i z e  sedan. 
A I M I N G  FACTORS 
A i m  v a r i a n c e  a s s o c i a t e d  wi th  t h e  aiming p rocess  i t s e l f  a r i s e s  
froin two sources :  (1) t h e  dev ice  and/or procedure employed and 
( 2 )  t h e  person doing t h e  aiming. Under (1) a r e  s p e c i f i c  problems 
such a s  dev ices  which a r e  d i f f i c u l t  t o  use  o r  c a l l  f o r  much sub- 
j e c t i v e  judgment, dev ices  which a r e  o u t  of c a l i b r a t i o n ,  i n s t r u c -  
t i o n s  which a r e  inadequa te ,  ambiguous, o r  d i f f i c u l t  t o  under- 
s t a n d  and f a c i l i t i e s  which a r e  n o t  a p p r o p r i a t e  t o  t h e  dev ice  i n  
use. Under ( 2 )  a r e  problems such a s  inadequate  t r a i n i n g ,  poor 
mot iva t ion  and s u p e r v i s i o n ,  and l a c k  of feedback. 
1. ERRORS ASSOCIATED WITH AIMING DEVICES OR PROCEDURBS. 
Three d e v i c e s  were eva lua ted  i n  t h e  program conducted by HSRI, 
They r e p r e s e n t e d  t h e  t h r e e  p o s s i b l e  aiming methods ( v i s u a l ,  
mechanical and photometr ic)  and, i n  a d d i t i o n ,  account  f o r  t h e  
g r e a t  bulk of aimers s o l d  i n  t h i s  coun t ry ,  
I n  g e n e r a l ,  t h e  t h r e e  dev ices  were judged t o  have no s e r i o u s  
d e s i s n  d e f e c t s  t h a t  would make in tended  use  unduly d i f f i c u l t .  I n  
a d d i t i o n ,  a l l  were accompanied by i n s t r u c t i o n s  which were zompre- 
hens ive  and reasonably  unders tandable .  
The v i s u a l  and photometr ic  dev ices  were f a r  more expensive 
than  t h e  mechanical aimers,  r e p r e s e n t i n g  from f i v e  t o  t e n  times 
t h e  c a p i t a l  investment .  They were a l s o  much h e a v i e r  and b u l k i e r ,  
compl ica t ing  t h e  s t o r a g e  problem. Such machines a r e  b e s t  used i n  
an a p p l i c a t i o n  where they  need n o t  be  moved more than a few f e e t  
between r u n s ,  a s  i n  a  r e g u l a r  v e h i c l e  i n s p e c t i o n  l a n e ,  
More d e t a i l e d  in fo rmat ion  r e g a r d i n g  t h e  dev ices  and t h e i r  
use  w i l l  be g iven i n  a  l a t e r  s e c t i o n .  
2 .  ERRORS DUE TO THE SERVICE PERSON. The e x t e n t  of t h e  
e r r c r  i n  headlamp aim s p e c i f i c a l l y  a t t r i b u t a b l e  t o  t h e  s e r v i c e  
p e r s o n ' s  l a c k  of s k i l l ,  c a r e l e s s n e s s ,  l a c k  of t r a i n i n g ,  e t c .  i s  
d i f f i c u l t  t o  i d e n t i f y .  But,  t h e  s e r v i c e  t r a d e  survey conducted 
by H S R I  and r e p o r t e d  i n  t h i s  paper  shows t h a t  t h e  q u a l i t y  of 
headlamp aim s e r v i c e  i s  poor,  and t h a t  a  cons ide rab le  p ropor t ion  
of t h e  e r r o r  can be  t r a c e d  t o  t h e  o p e r a t o r ,  s i n c e  t h e  mechanical 
aiming equipment t h a t  was g e n e r a l l y  used i s  ve ry  a c c u r a t e  when 
it i s  used p r o p e r l y .  
A major i n d i r e c t  c o n t r i b u t o r  t o  poor s e r v i c e  t r a d e  aiming 
may be l a c k  of feedback. Unless h i s  lamps a r e  misaimed s o  a s  t o  
cause  g l a r e  t o  oncoming d r i v e r s ,  t h e  d r i v e r  can on ly  judge aim 
by t h e  appearance of t h e  beam on t h e  road. S ince  most d r i v e r s  
have n o t  been s p e c i f i c a l l y  shown a p r o p e r l y  aimed beam p a t t e r n ,  
and s i n c e  such f a c t o r s  a s  ambient l i g h t i n g  and d i r t  on t h e  l e n s e s  
b l u r  t h e  p a t t e r n  even i f  t h e  d r i v e r  knows what it i s  supposed t o  
look l i k e ,  cus tomers t  complaints  of poor aiming a r e  probably r a r e .  
This  sugges t s  t h a t  s e r v i c e  t r a d e  aiming should be b e t t e r  i n  s t a t e s  
having PMVI s i n c e  a  misaimed lamp should r e s u l t  i n  r e j e c t i o n  and 
a complaint  from t h e  customer. However, t h e r e  a r e  no d a t a  con- 
c e r n i n g  q u a l i t y  o f  s e r v i c e  i n  s t a t e s  wi th  and wi thou t  PMVI. 
RELIABILITY AND VALIDITY OF A I M I N G  DEVICES 
INTRODUCTION 
There a r e  t h r e e  means of aiming headlamps, v i s u a l ,  photo- 
m e t r i c  and mechanical ,  and a l l  dev ices  desc r ibed  a s  "headlamp 
aimers" f i t  i n t o  one of t h e s e  t h r e e  c a t e g o r i e s .  
Headlamp aim c r i t e r i a  a r e  v i s u a l  (SAE J599c) ,  t h a t  i s ,  
i n s t r u c t i o n s  r e f e r  t o  t h e  p o s i t i o n i n g  of a  h igh  i n t e n s i t y  zone. 
Hence, a l l  d e v i c e s ,  whatever t h e  p r i n c i p l e  of  o p e r a t i o n ,  must 
aim t h e  beams s o  t h a t  they  meet v i s u a l  c r i t e r i a .  
The s i m p l e s t  b u t  most s u b j e c t i v e  procedure i s  t o  fo l low SAE 
s p e c i f i c a t i o n s  and aim t h e  h e a d l i g h t s  on a s c r e e n  25 f e e t  i n  
f r o n t  of  t h e  v e h i c l e .  S i n c e  few s e r v i c e  o u t l e t s  would have t h i s  
k ind  of space a v a i l a b l e  f o r  aiming headlamps t h e  v i s u a l  dev ice  
e v a l u a t e d  i n  t h i s  s tudy ( s e e  F igure  1) al lows t h e  same procedure 
t o  be accomplished i n  a f a r  more r e s t r i c t e d  space.  B a s i c a l l y ,  
t h e  dev ice  uses  a  condensing l e n s  t o  focus  a  reduced image of 
t h e  beam on a m i n i a t u r e  sc reen .  The sc reen  i s  s u i t a b l y  marked t o  
i n d i c a t e  where t h e  image should be p o s i t i o n e d  (F igure  2 ) .  P r i o r  
t o  use ,  t h e  s l o p e  of t h e  f l o o r  must be determined and t h e  o p t i c a l  
a x i s  of  t h e  dev ice  a l i g n e d  wi th  t h e  long a x i s  of t h e  c a r .  The 
u n i t  i s  l o c a t e d  i n  f r o n t  of each lamp wi th  t h e  a i d  of a  probe,  
which can be r a i s e d  o u t  of t h e  way a f t e rwards .  For high beam an 
a l t e r n a t i v e  photometr ic  method i s  provided.  To use  t h i s  t h e  
o p e r a t o r  moves a  mask i n t o  p o s i t i o n  u n t i l  a  whi te  d o t  i s  cen te red  
on t h e  HV p o i n t ,  The lamp i s  then  a d j u s t e d  u n t i l  a  maximum read- 
i n g  i s  ob ta ined  on t h e  candlepower meter provided.  
Photometr ic  aim dev ices  seek t o  e l i m i n a t e  t h e  s u b j e c t i v i t y  
involved i n  lamp aim by r e p l a c i n g  human p e r c e p t u a l  judgments 
wi th  a  p h o t o c e l l  o r  a r r a y  of p h o t o c e l l s .  The Ford Mark 111 
(Walker, 1972) i s  an example of a  p h o t o e l e c t r i c  aimer which i s  
a p p a r e n t l y  ve ry  a c c u r a t e .  However, i n  i t s  p r e s e n t  form, i t  i s  
n o t  s u i t e d  f o r  use  i n  a  s e r v i c e  f a c i l i t y .  
The photometr ic  machine t e s t e d  (F igure  3 )  i s  designed f o r  
use  i n  a  s e r v i c e  f a c i l i t y ,  and b e a r s  some resemblance t o  t h e  
F i g u r e  1. V i s u a l  a i m e r  i n  u s e .  
F i g u r e  2 .  S c r e e n  markings on v i s u a l  aimer. 
Figure 3. photometric aimer in use. 
visual machine. The light is focused on a photocell and the 
operator adjusts the lamp using two meters, one for horizontal 
and the other for vertical aim. Like the visual machine, the 
operator must determine the slope of the floor and align the 
device with the long axis of the car. The device is positioned 
in front of a lamp by moving it sideways and up and down until 
a maximum candlepower reading is obtained. 
Mechanical aimers eliminate the two major subjective aspects 
of headlamp aiming: locating the vehicle centerline and posi- 
tioning the beam. The units that were tested are first attached 
to the lamps by suction cups acting on the lenses, and the adjust- 
ing screws turned to center the bubble in a spirit level and 
align a split image for measuring the vertical and horizontal aim, 
respectively, As with the other two devices, the slope of the 
floor must be known but it is not necessary to make an alignment 
with the long axis of the vehicle. 
Hull et al. (1972) have assessed the reliability of mechani- 
cal aimers. They report standard deviations (in inches at 25 feet) 
of 0.31 and 0.43 for horizontal and vertical aim, respectively, 
These values imply that more than 95% of aims would be within 51 
inch at 25 feet both horizontally and vertically. 
The visual, photometric and mechanical aimers do not compen- 
sate for dog tracking. In addition, the mechanical aimers are 
affected by matchboxing and misorientation of the aiming plane. 
All three devices can be used for inspection or adjustment; 
that is, they can either show the extent of misaim or be used to 
aim headlamps. 
The studies to be described are designed to examine specific 
sources of variance associated with the use of, primarily, the 
visual and photometric aimers, in order to identify specific 
problem areas, 
I. SIGHTING DEVICES 
BACKGROUND. The visual and photometric aimers tested are 
equipped with sights which are intended to be used in aligning 
the unit with the long axis of the vehicle (Figure 4). In the 
case of the visual machine the sight consists of two wires, about 
six inches apart. In the case of the photometric machine, the 
sight consists of a yoke and blade device, the components being 
about 5 1/4" apart. Inspection of the unit led to a question as 
to the accuracy with which the sights could be used. Accordingly, 
the first study estimated variance associated with the use of the 
sighting device alone. 
,METHOD. Ten subjects participated in this study. They were 
instructed to align the sights as carefully as possible with a 
prominent vertical black line on a wall 25 feet away (~igure 5). 
The machines were set on blocks to prevent shifting. To reduce 
irrelevant cues, reference scales on the visual device were 
removed and a three-bladed adjusting knob on the photometric 
device was replaced with a circular knob. Measurements of the 
alignment were made by the experimenter after each sighting with 
a telescopic rifle sight, to the nearest one-eighth inch. 
Each subject made ten sightings with each machine. After 
each sighting the actual aim was read and the machine misaligned. 
Conventional statistical balancing techniques were employed to 
cancel learning effects. 
RESULTS. For each subject and sighting device the standard 
deviation of the alignments was computed. Mean standard devia- 
tians were obtained of 0.2 and 0.5 inch at 25 feet for the 
sights of the photometric and visual machines respectively. The 
difference in the mean variability of alignments between the two 
units was statistically significant (plO.01). 
Figure 4. Sighting to align the visual and 
photometric aimers. 
F i g u r e  5.  Subject s i g h t i n g  on t a r g e t  i n  s i g h t  accuracy t e s t .  
DISCUSSION. It is apparent that the variance associated 
with the sights, especially the one on the visual machine, is 
sufficiently great so as to make the 0.1 degree (0.5 inch at 
25 feet) tolerance specified in SAE J600a not achievable 100% of 
the time under ideal circumstances. 
Since the longitudinal axes of motor vehicles are not speci- 
fied with near the clarity of the target in this case, the vari- 
ance in actual practice can be expected to be far greater. This 
problem is explored in detail in the next section. 
11. LOCATING VEHICLE LONG AXIS 
BACKGROUND. Once the subject vehicle is in place the first 
task with either the visual or photometric aimers under evalua- 
tion is to align the optical axis of the aimer with the long axis 
of the vehicle. The instructions for both machines make refer- 
ence to this problem and recommend use of hood centerlines, hood 
ornaments, rearview mirrors, centers of windows, etc. 
Walker's (1972) data suggest that a substantial percentage 
of alignments with either device would be outside the tolerances 
given in SAE J600a. Walker reports standard deviations (in 
inches at 25 feet) of 1.25 and 1.94 for the photometric and visual 
aimers respectively, These tests involved single measures by a 
single individual on a number of cars. The cars were run on 
dynamometer rollers and deviations were measured from the track- 
ing axis rather than the longitudinal axis. Thus, the results 
are confounded with dog tracking. Dog tracking as a source of 
error in lamp aim has already been discussed, and a standard 
deviation of about 1.0 inch in 25 feet was indicated for new cars. 
METHOD. Because the alignment of these aimers with the 
vehicle appears to be a potentially large source of error, a 
study was designed to supplement the data reported by Walker. 
" .i- 
I n  t h i s  s tudy  f i v e  veh ic l e s  were employed, each s e l e c t e d  t o  
provide d i f f e r e n t  v i s u a l  r e f e rences ,  t y p i c a l  of those  found i n  
t h e  automobile population.  The c a r s  were: 
1. 1969 W "Beetle" 
2 .  1971 Gremlin 
3 .  1972 Ford, 4-door sedan 
4 .  1971 Plymouth s t a t i o n  wagon 
5. 1970VWvan 
The f i r s t  t a s k  was t o  f i nd  the  long a x i s  f o r  each c a r  t o  
be used i n  t h e  t e s t .  The c a r s  were s e t  on a l e v e l  f l o o r  and a 
plumb bob dropped t o  t h e  f l o o r  from each end of both ax les .  
These p o i n t s  were marked and a  chalk l i n e  used t o  extend t h e  l i n e  
thus  def ined  p a s t  the  f r o n t  and r e a r  bumpers. The mid-point 
between t h e  l i n e s  was determined by measurement a t  each bumper 
and a  mark was made on t h e  bumper sur face .  
The f a c i l i t y  where t h e  t e s t  was conducted was set up as i n  
Figure  6. The t r a c k s  on which the  aimers moved l a t e r a l l y  were 
a t t ached  t o  the f l o o r  p a r a l l e l  t o  t he  door a t  t he  f a r  end. The 
rearmost  t r a c k  was 25 f e e t  from t h e  door. A t ape  measure, read- 
ing d i s t a n c e  i n  inches  from t h e  r i g h t  wall was a t t ached  t o  t h e  
door. 
When a  c a r  was brought i n t o  t he  room the  re fe rence  marks on 
t h e  bumper were used t o  de f ine  a  l i n e  which was ex t r apo la t ed  t o  
t h e  door a t  one end of t h e  room and t h e  r e a r  t r ack  a t  t h e  o the r .  
Dimensions A - and B - were measured and remained cons tan t  dur ing 
each t e s t .  Af t e r  each aim s e t t i n g  a r i f l e  scope a t t ached  t o  t h e  
aimer was used t o  read dimension - C on t h e  door,  whi le  dimension 
D ,  t h e  1 , a t e r a l  p o s i t i o n  of t h e  aimer on t h e  t r a c k ,  was determined - 
d i r e c t l y  wi th  a t ape  measure. I f  t he  alignment of the  aimer i s  
exac t ly  p a r a l l e l  t o  t he  long a x i s  of the  c a r ,  then:  
(A-C) = (B-D) 
Figure 6. Geometry employed in study to determine the accuracy 
with which the long axis of vehicle can be located with 
the sights provided on the visual and photometric 
aiming devices. 
Therefore, the extent of misalignment, in inches at 25 feet, 
was obtained directly by measuring all quantities in inches and 
taking the difference: 
(A-C) - (B-D) = Error in Alignment 
A total of ten subjects made five alignments with each aimer 
on each car. When a subject started the study the purpose was 
explained to him and the use of the aimer demonstrated. The vari- 
ous strategies he might use in finding the long axis were out- 
lined and he was invited to proceed. The order in which cars were 
presented was varied to balance learning effects. 
RESULTS. The standard deviations associated with the two 
aimers for each of the five vehicles are given in Table 1. Also 
TABLE 1. Standard Deviations of Misalignment of Headlamp Aiming 











































shown a r e  t h e  two s t a n d a r d  d e v i a t i o n  v a l u e s ,  which are i n t e r -  
p r e t e d  a s  t h e  l i m i t s  w i t h i n  which 95% o f  t h e  c a s e s  w i l l  be found. 
D I S C U S S I O N .  Three p o i n t s  a r e  worth n o t i n g  a s  r e g a r d s  t h e  
r e s u l t s  of t h i s  s tudy :  
~ i r s t ,  it i s  apparen t  t h a t  t h e  a l ignment  can  be made more 
r e a d i l y  on some c a r s  than  on o t h e r s .  Those c a r s  a s s o c i a t e d  wi th  
t h e  lowes t  v a r i a n c e  had prominent hood c e n t e r l i n e s  and a l l  sub- 
j e c t s  used t h e s e .  By c o n t r a s t ,  t h e  van was a  puzz le  t o  most sub- 
j e c t s  and a  v a r i e t y  of s t r a t e g i e s  were employed. 
Second, t h e  v i s u a l  u n i t  was h a r d e r  f o r  t h e  s u b j e c t  t o  use  
than  t h e  photometr ic  u n i t ,  a s  measured by t h e  h i g h e r  v a r i a n c e s  
a s s o c i a t e d  wi th  i t ,  [Walker ( 1 9 7 2 )  r e p o r t s  a  s i m i l a r  t r e n d . ]  
These d i f f e r e n c e s  a r e  s i g n i f i c a n t  ( ~ 1 0 . 0 1 )  l e v e l ,  and a r e  g r e a t e r  
t h a n  can be accounted f o r  by t h e  d i f f e r e n c e s  i n  s i g h t  performance 
d e s c r i b e d  i n  t h e  preceding  s tudy.  The a u t h o r s  can o f f e r  no 
e x p l a n a t i o n  f o r  t h i s  d i s p a r i t y  a t  t h i s  t ime. 
Th i rd ,  and most impor tan t ,  t h e  v a r i a n c e  a s s o c i a t e d  w i t h  
a l i g n i n g  an aiming u n i t  w i th  t h e  long a x i s  of a  c a r  i s  such t h a t  
r e l a t i v e l y  few such a l ignments  would f a l l  w i t h i n  t h e  0 . 1  degree  
sugges ted  i n  SAE J600a,  even on t h e  e a s i e s t  c a r  measured. 
E s p e c i a l l y  on t h e  more d i f f i c u l t  c a r  measured, a  s u b s t a n t i a l  
p e r c e n t  of t h e s e  l a t e r a l  a l ignments  would be expected  t o  f a l l  
o u t s i d e  t h e  + 4  i nches  a t  25 f e e t  t o l e r a n c e  s p e c i f i e d  i n  S A E  J599c. 
The a c t u a l  lamp aim v a r i a n c e  produced by t h e s e  machines i s  
t h e  sum of t h e  v a r i a n c e  due t o  t h e  s i g h t ,  a l ignment  w i t h  t h e  
v e h i c l e ,  and aiming of  t h e  lamp i t s e l f .  The l a t t e r  f a c t o r  w i l l  
now be cons idered .  
111. ACCURACY O F  HEADLAMP A I M  U S I N G  VARIOUS TECHNIQUES 
BACKGROUND. The u l t i m a t e  t e s t  of  any headlamp aiming d e v i c e  
i s  how w e l l  it can p o s i t i o n  t h e  beam of a headlamp. The f a c t  t h a t  
there are other sources of aim variance associated with the 
device is not as important, since it may be possible to improve 
these problems. However, if the aiming technique itself is poor, 
then the device is of little or no value, This study was designed 
to estimate the variance associated with repeated headlamp aims 
made by a number of relatively inexperienced subjects. 
Assessments of the accuracy of aiming techniques have been 
reported by at least two investigators. 
Walker (1972) evaluated the accuracy of visual aim using a 
screen at 25 feet, and a visual aimer apparently identical to 
that used in this study. He also evaluated a photometric aimer 
different from that employed in this study. A number of differ- 
ent types of makes of bulbs were used in each study. Seven 
experienced subjects participated in the evaluation of a screen 
at 25 feet, while the number of subjects is not specified for 
the other studies. Walker's results are reproduced in column 1 
of Table 2. 
Hull et al, (1972) have also reported the results of evalua- 
tions, in this case including: visual, screen at 25 feet; visual 
machine; photometric machine and a mechanical aimer. All devices 
were apparently the same as were used in this study. The lamps 
were mounted on a car and five observers were used. The effects 
of alignment of the aimers (excluding the mechanical device) 
with the car are included in the standard deviations reproduced 
in column 2 of Table 2. Because the data were not separated by 
type of bulb, they are all shown under the 5 3 /4"  single filament 
condition. 
METHOD. Three representative headlamps were used, a 5 3 / 4 "  
Type I and Type I1 and a 7" Type 11. These were mounted in a 
solid fixture which permitted them to be rotated vertically and 
TABLE 2. Standard Deviations of Aim Achieved Using Three Aiming TecI-iniques 
on Three Types of Headlamps. Data are inches at 25 feet. 
Bulb and Method 
5 3/4" Type I 





5 3/4"  Type I1 (Low Beam) 
Photometric 
Visual 
7 "  Type I1 (Low Beam) 
Screen at 25 feet 
Photometric 
Visual 
'~xcludes eLror due to alignment of aimer to the lamp. 
h o r i z o n t a l l y  ( s e e  F i g u r e  7 ) .  V i sua l  a iming,  u s i n g  an aiming 
s c r e e n  a t  25 f e e t  was compared w i t h  t h e  two aiming d e v i c e s .  
The headlamp f i x t u r e  was anchored t o  a  heavy t a b l e  and c a r e  
t a k e n  t o  be s u r e  t h e  c e n t e r  of t h e  lamp corresponded t o  t h e  H-V 
p o i n t  on t h e  aiming board.  The t r a c k s  f o r  t h e  machines were 
a t t a c h e d  t o  t h e  f l o o r  p a r a l l e l  t o  t h e  board and a  d i s t a n c e  from 
t h e  f i x t u r e  adequate  t o  a l low p rope r  o p e r a t i o n  ( F i g u r e  8 ) .  Each 
d e v i c e  was t h e n  s e t  up and p r o p e r l y  a d j u s t e d  h o r i z o n t a l l y  and 
v e r t i c a l l y .  These c o n t r o l s  were t h e n  taped  o v e r  t o  p r e v e n t  f u r -  
t h e r  ad jus tmen t ,  A number of checks were r u n  t o  be s u r e  t h e  
d e v i c e s  were a l i g n e d  p r o p e r l y  b e f o r e  s t a r t i n g  t h e  s tudy.  Each 
lamp was i n s t a l l e d  i n  t h e  f i x t u r e  and checked w i t h  a  s p o t  a imer 
t o  be s u r e  it was s e a t e d  p r o p e r l y .  A t a p e  measure was a t t a c h e d  
t o  t h e  aiming board and r e a d i n g s  of h o r i z o n t a l  and v e r t i c a l  
a l ignment  were t a k e n  w i t h  a  r i f l e  scope a t t a c h e d  t o  t h e  aiming 
f i x t u r e .  Nine s u b j e c t s  p a r t i c i p a t e d  i n  t h e  s t u d y ,  each  t a k i n g  
f i v e  aims w i t h  each  t echn ique  w i t h  each lamp. I n  a d d i t i o n ,  f i v e  
aims were t aken  w i t h  t h e  5 3 / 4 "  Type I lamp us ing  t h e  v i s u a l  aimer 
p h o t o m e t r i c a l l y .  
RESULTS. The r e s u l t s  of  t h e  s t u d y  a r e  summarized i n  column 
3  o f  Table  2 .  There a r e  l a r g e  and s t a t i s t i c a l l y  s i g n i f i c a n t  d i f -  
f e r e n c e s  ( ~ 1 . 0 1 )  between t e c h n i q u e s ,  w i th  t h e  v a r i a b i l i t y  i n  
lamp aim be ing  l e a s t  f o r  t h e  photometr ic  d e v i c e  and g r e a t e r  f o r  
t h e  v i s u a l  dev ice .  S t a b i l i t y  i n  h o r i z o n t a l  aim was more d i f f i -  
c u l t  t o  ach ieve  t h a n  v e r t i c a l  aim on a l l  lamps. The 5 3/4" Type I1 
lamp had lower v a r i a n c e  t h a n  e i t h e r  t h e  5 3 / 4 "  Type I o r  7 "  
Type 11, a l though  t h e s e  d i f f e r e n c e s  may r e f l e c t  p e c u l i a r i t i e s  ir 
t h e  i n d i v i d u a l  bu lbs .  
I n  column 4 o f  Table  2 i s  shown t h e  expected  s t a n d a r d  devia- 
t i o n  i n  lamp aim f o r  each b u l b  and d e v i c e ,  d e r i v e d  by summing t h e  
v a r i a n c e s  a s s o c i a t e d  w i t h  a l ignment  of  t h e  long a x i s  and headlamp 
F i g u r e  7 .  Headlamp f i x t u r e  u sed  i n  a iming  s t u d y .  
F i g u r e  8 .  The two a iming  machines  i n  u s e  i n  t h e  a iming  s t u d y .  
aiming, assuming for the former value the lowest variance found 
in the sample of five cars examined in the study described in 
the preceding section. 
In column 5 of Table 2 are shown the two standard deviation 
values for each case. These values are interpreted as the limits 
within which 95% of the cases will be found. 
DISCUSSION. An inspection of the first three columns of 
Table 2 shows good agreement among the values reported from the 
different studies. The only significant disagreement concerns 
the photometric aimer evaluated by Walker, which was a different 
machine than that evaluated in the other two studies, It might 
also be argued that the values reported by Hull et al. are low, 
considering that they supposedly included alignment with the 
vehicle. As the procedures employed are not clear and the vehicle 
itself not described, no comment can be offered on this point. 
Two points are worth noting from the results of these studies: 
First, there are very substantial differences among aimers 
in the accuracy with which headlamps can be aimed, when subtasks 
such as alignment with the vehicle are excluded. The field photo- 
metric device appears to be much the best of those tested, approxi- 
mating the mechanical aimer in repeatability. Conventional visual 
aiming using an aiming screen is next best, though significantly 
poorer than the photometric machine. The visual machine is the 
poorest of those tested. 
Second, devices which require alignment with the long axis 
of the vehicle by visual means suffer serious losses in accuracy. 
Thus, the photometric device tested, according to the d a t : ~  
reported in this study, is capable of aiming headlamps within 
+1 inch at 25 feet vertically or horizontally more than 95% of 
the time. However, in practice this substantial performance is 
degraded i n  h o r i z o n t a l  aim s o  t h a t  on ly  on c a r s  where a  c l e a r  
c e n t e r l i n e  i s  a v a i l a b l e  could  it be expected t h a t  more than  95% 
of aims would f a l l  w i t h i n  +4 inches .  Under t h e  same c o n d i t i o n s ,  
w i t h  t h e  v i s u a l  machine it would be expected t h a t  about  75% of 
t h e  lamps aimed would be w i t h i n  t h e  +4 i n c h  h o r i z o n t a l  t o l e r a n c e .  
The r e s u l t s  of t h i s  and t h e  o t h e r  s t u d i e s  c i t e d  make it 
c l e a r  t h a t  headlamp aiming techniques  a v a i l a b l e  today (excep t  
mechanical)  a r e  of  low r e l i a b i l i t y .  To t h e  e x t e n t  t h a t  such 
dev ices  a r e  used f o r  f i e l d  aiming and i n s p e c t i o n  of headlamps, a 
s u b s t a n t i a l  aim v a r i a n c e  of headlamps i n  s e r v i c e  must be expected.  
The s t u d i e s  j u s t  desc r ibed  were run  under l a b o r a t o r y  condi- 
t i o n s  where sources  of v a r i a n c e  such a s  m i s c a l i b r a t i o n  o r  misuse 
of equipment, o p e r a t o r  c a r e l e s s n e s s ,  e t c .  should have been mini- 
mal. What t h e  s i t u a t i o n  i s  i n  a c t u a l  f i e l d  p r a c t i c e  i s  t h e  
s u b j e c t  of t h e  n e x t  s tudy.  
SERVICE TRADE LAMP A I M I N G  
BACKGROUND. When a m o t o r i s t  t a k e s  h i s  c a r  i n t o  a  s e r v i c e  
f a c i l i t y  t o  have t h e  lamps aimed, how w e l l  w i l l  t h e  job be done? 
This  was t h e  b a s i c  q u e s t i o n  which t h e  survey conducted i n  t h i s  
phase sought  t o  answer. I n  a d d i t i o n ,  informat ion  was d e s i r e d  a s  
t o  t h e  type  of equipment used,  t h e  l e n g t h  of time t h e  equipment 
had been owned, f a m i l i a r i t y  w i t h  i t ,  t h e  frequency wi th  which it 
was used and a t t i t u d e s  toward " s e l l i n g "  aiming. 
METIIOD. A l l  s e r v i c e  s t a t i o n s ,  garages  and automobile 
d e a l e r s h i p s  who claimed t o  be a b l e  t o  aim headlamps i n  t h e  
Ann Arbor a r e a  were surveyed. Twenty-four s e r v i c e  s t a t i o n s  dnu 
garages  and e i g h t  d e a l e r s h i p s  were inc luded ,  A f u l l - s i z e  s t a t i o n  
wagon equipped wi th  a  convent ional  four-headlamp system was 
employed. Using a l e v e l  f l o o r  and mechanical a imers  each of t h e  
lamps was f i r s t  misaimed i n  a  s p e c i f i e d  manner, a s  shown i n  
F igure  9.  The c a r  was then  taken t o  one of t h e  s e r v i c e  o u t l e t s  
where t h e  d r i v e r  complained t h a t  h i s  lamps seemed t o  be aimed 
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badly, and requested them to be checked and remained as neces- 
sary. When possible the driver observed the aim process. After- 
wards the serviceman who did the work was queried to obtain 
information related to his experience and practice in headlamp 
aiming. The car was then returned to the HSRI garage and the 
aim checked at the same spot and with the same equipment as 
used to misalign it initially. 
RESULTS. Figure 9 shows the resulting aims of the four 
lamps on the test car, It is apparent that in most cases the 
aim was improved, though in some cases it was made worse. The 
data are shown in the form of a cumulative frequency distribu- 
tior! in Figure 10. The probability of all four lamps being 
within the 4 "  x 4" SAE recommendations was less than 0.4. 
(Twelve of the 32 outlets aimed all four lamps within SAE speci- 
fications.) There were 18% of the lamps misaimed more then 4" 
left or right, 26% misaimed more than 4 "  up or down, and 35% were 
misaimed in excess of 4" either horizontally and vertically, or 
both. 
There was relatively little variability in equipment used 
by the various outlets. In three instances no equipment was 
used. In three other cases optical aimers were used. All other 
outlets employed mechanical aimers. In general the operators 
who were observed seemed to be adequately familiar with their 
equipment, although some misconceptions were noted (e.g., bias- 
ing a mechanical aimer down and to the right or turning on 
lights to use a mechanical aimer). 
Most of the outlets checked did little headlamp aiming; 
"one a month or less" being the usual response to that question. 
In a few instances operators claimed to aim "several per week" 
and one claimed "one or two per day." There was no relationship 
between claimed frequency and accuracy. 
SERVICE TRADE A I l I I N G  
Type I1  Type  I 
L R L II 
1 0 8 6 4 2 0 2 4  6 8 1 0  1 0 8  6 4 2 0  2 4  6  8 1 0  
F i g u r e  9 .  Headlamp aims of  t e s t  c a r  r e s u l t i n g  from t h e  
e f f o r t s  o f  32 s e r v i c e  o u t l e t s .  I n i t i a l  misaim 
i n d i c a t e d  by X f o r  each  lamp. 
SERVICE TRADE AIM 
0 1 2 3 4 5 6 7 8 9 10  
I n c h e s  .A t  2 5 '  
F i g u r e  1 0 .  Cumulative f requency d i s t r i b u t i o n s  of headlamp 
aims r e s u l t i n g  from s e r v i c e  t r a d e  survey .  
Few of the agencies suggested aiming when cars were in for 
other service; the impression was gained from these conversa- 
tions that aiming was a service that is hard to sell. Similarly, 
only a few of the agencies suggested aiming when selling a head- 
lamp. The comment was frequently received that reaiming was not 
necessary unless the aiming screws were accidentally turned while 
attempting to remove ow replace the lamp. 
DISCUSSION. This survey is based on a small number of ser- 
vice outlets in a limited area. However, unless the Ann Arbor 
area is decidedly worse than the national average, it is appar- 
ent that accurate headlamp aiming is a service not readily avail- 
able tc the motorist. Further, the results of this survey pro- 
vice reason to believe that poor quality service could be a sig- 
nificant source of variance in the headlamps of cars on the road. 
As already noted, mechanical aimers are capable of a high 
degree of repeatability. Substantial difference on the same 
lamps from different sets of mechanical aimers can only be due 
to differences in calibration and/or methods. All of the lamps 
that were aimed within specification were aimed with mechanical 
units but so were some of those that were outside the specifica- 
tions, including a few which were beyond the range of our instru- 
ment (+LO inches at 25 feet). The problems associated with 
obtaining accurate, consistent performance in the field even with 
simple equipment and procedures is well illustrated by these data. 
Among differences in methods one would list carelessness in 
stabilizing the headlamp units, i.e., removing the effects of 
friction in the headlamp adjusting mechanism. Indications  fro^ 
the aim maintenance study to be described later are that this 
could be a significant source of variance. Were it a problem 
with the service personnel surveyed in this study the aim would 
be expected to be off in the direction of pull of the spring, 
which, f o r  t h e  v e h i c l e  t e s t e d ,  would be down f o r  a l l  u n i t s  and 
t o  t h e  r i g h t  f o r  t h e  passenger s i d e  Type I1 and t h e  d r i v e r  s i d e  
Type I ,  and t o  t h e  l e f t  f o r  t h e  o t h e r s ,  While t h e  u n i t s  a r e  
b iased  down, they  tend t o  be b iased  a l s o  t o  t h e  r i g h t  i n  a l l  
cases .  Thus, t h e r e  i s  no c o n s i s t e n t  evidence of c a r e l e s s n e s s  
i n  s t a b i l i z i n g  t h e  u n i t s .  
FACTORY A I M  
BACKGROUND. The survey t o  be desc r ibed  sought an ind ica -  
t i o n  of t h e  q u a l i t y  of headlamp aim provided by t h e  f a c t o r y .  
The resources  a v a i l a b l e  f o r  t h i s  s tudy allowed a check on 
only  a small  number of v e h i c l e s  i n  a l i m i t e d  geographica l  a r e a .  
Obviously t h i s  r e p r e s e n t s  a t i n y  f r a c t i o n  of 1972 c a r s  and a 
very small  sample of production l i n e s  a s  we l l .  Cons i s t en t  r e s u l t s ,  
good o r  bad, a c r o s s  a l l  makes and models checked would provide  a 
s t r o n g  i n d i c a t i o n  of t h e  s t a t e - o f - t h e - a r t .  P a r t i c u l a r  groups of 
c a r s  which d i f f e r e d  from genera l  p r a c t i c e  would n o t  n e c e s s a r i l y  
i n d i c a t e  an o v e r a l l  t r end .  
METHOD. Eigh t  d e a l e r s h i p s  were surveyed, s i x  i n  Ann Arbor 
and two i n  Plymouth, Michigan. I n  each c a s e  t h e  d e a l e r s h i p ' s  
management was approached and t h e  purpose of t h e  survey explaimed. 
Cooperation was g e n e r a l l y  e x c e l l e n t .  
Cars which had been prepared f o r  d e l i v e r y  ( a  procedure which 
normally i n c l u d e s  a check of t h e  aim of  headlamps) were excluded 
from t h e  s tudy.  Cars were checked a s  they  s tood on t h e  d e a l e r ' s  
l o t .  The ground s l o p e  was measured f o r  each c a r  and mechanical 
aimers used f o r  t h e  checks. 
Twenty o r  more c a r s  were checked a t  each s i t e  v i s i t e d ,  
except  f o r  two where t h e r e  were fewer than  t h a t  number a v a i l a b l e .  
Four GM d e a l e r s  were v i s i t e d ,  two Ford, one Chrys ler  and one 
American Motors. A t o t a l  of 153 c a r s  were checked, and a t o t a l  
of 428  lamps. 
RESULTS. The results of the survey are given in the form 
of cumulative frequency distributions in Figurell. These data 
are for individual lamps. Horizontal aim was somewhat better 
than vertical with at least 90% of the lamps at any dealership 
being within +4 inches at 25 feet, as recommended by SAE. With 
the exception of one dealership, at least 84% of lamps were in 
specification vertically as well. 
If having one or more lamps out of SAE specification would 
"fail" a car the percent of failures were: dealer 1, 14%; 
dealer 2, 50%; dealer 3, 25%; dealer 4, 5%; dealer 5, 65%; 
dealer 6 ,  14%; dealer 7, 40%; and dealer 8, 30%. Overall, 28% 
of the vehicles had at least one lamp outside the SAE tolerance. 
DISCUSSION. The results of this survey indicate that most 
headlamps are aimed within SAE specifications at the factory. 
Comparing the results of this and the service trade aiming study 
gives reason to believe that the manufacturers may be doing a 
better job of lamp aiming than many of their dealers. Unless 
dealerships can upgrade their headlamp aiming capability it is 
questionable whether they should attempt to change factory aim 
settings. 
AIM AS A FUNCTION OF SERVICE: AUTOMOBILES 
BACKGROUND. This study sought to provide information regard- 
ing the stability of headlamp aim on a sample of passenger cars 
of various ages in normal service. 
Efforts with similar intent have been reported elsewhere, 
For example, Finch et al. (1969) checked changes in aim on a 
sample of 20 vehicles after 90 days service. Nearly half the 
lamps in his sample were found to be outside California Adjusting 
Station tolerances at the end of the test period. 
HORIZONTAL AI\ l  
Inches At 25 Feet 
VERTICAL .AIM 
Figure 11. Results of new car aim study. 
Hull  e t  a l .  (1972) r e p o r t  a  s i m i l a r  s tudy  on 2 6  v e h i c l e s .  
The t ime span i s  n o t  g iven b u t  t h e  c a r s  were d r i v e n  from about  
800 t o  6 5 0 0  mi les  b e f o r e  rechecking.  The i n v e s t i g a t o r s  r e p o r t  
s t andard  d e v i a t i o n s  f o r  a l l  lamps of 0 .5  and 1.1 inches  a t  25 
f e e t  f o r  h o r i z o n t a l  and v e r t i c a l  aim v a r i a b i l i t y ,  r e s p e c t i v e l y ,  
These r e s u l t s  a r e  apprec iab ly  b e t t e r  than  those  r e p o r t e d  by 
Finch e t  a l .  The s u b s t a n t i a l  d i f f e r e n c e s  i n  t h e  r e s u l t s  of  t h e s e  
two s t u d i e s  i n d i c a t e s  a  need f o r  f u r t h e r  d a t a .  
METHOD. Volunteers  w i l l i n g  t o  have t h e i r  c a r s  t e s t e d  i n  a 
year- long program were s o l i c i t e d  from HSRI s t a f f .  For ty- four  
v e h i c l e s  were o r i g i n a l l y  e n t e r e d  i n t o  t h e  sample. Each owner 
was given a  l e t t e r  e x p l a i n i n g  t h e  purpose of t h e  s tudy  and ask ing  
t h a t  he n o t i f y  t h e  experimenter  i f  he rep laced  a  headlamp, exper- 
ienced s h e e t  meta l  damage, broken s p r i n g s  o r  anything e l s e  t h a t  
might change t h e  lamp aim. 
I n  a d d i t i o n  each owner was given a  b r i e f  q u e s t i o n n a i r e  
designed t o  provide  some informat ion  r e l a t i n g  t o  h i s  exper ience  
wi th  headlamp aiming. 
I n i t i a l  Aiminq. A l l  aiming was done on a  f l a t  c o n c r e t e  
f l o o r  i n  t h e  HSRI garage a rea .  The s l o p e  of t h e  f l o o r  was ca re -  
f u l l y  measured and a l l  aiming was done wi th  mechanical aimers 
which were checked r e g u l a r l y  f o r  c a l i b r a t i o n .  
Each c a r  was d r i v e n  i n t o  t h e  aiming a r e a ,  rocked t o  s e t t l e  
t h e  suspension and t h e  lamps c leaned.  The odometer r ead ings  
and gas  l e v e l s  were noted a s  w e l l  a s  anything unusual  ( such a s  
a i r  suspension o r  heavy t runk l o a d s )  which might a f f e c t  aim. 
The lamps were checked f o r  aim a s  r ece ived  and t h i s  i n f o r -  
mation recorded.  The lamps were then reaimed t o  "0-0" on t h e  
mechanical aimers.  Care was taken t h a t  t h e  f i n a l  adjustment  
involved t i g h t e n i n g  t h e  a d j u s t i n g  screws and t h e  u n i t s  were 
p e r t u r b e d  by t a p p i n g  t h e  a imers  and f e n d e r s  t o  t r y  t o  se t t l e  them 
i n t o  p o s i t i o n .  
Where n e c e s s a r y ,  b e z e l s  were r e i n s t a l l e d  and t h e  aim checked 
aga in .  I t  was f r e q u e n t l y  no ted  t h a t  i n s t a l l a t i o n  o f  t h e  b e z e l s  
r e s u l t e d  i n  a  s l i g h t  s h i f t  i n  aim (a l though  one lamp was moved 
4 "  up t o  8" r i g h t  due t o  b e z e l  i n t e r f e r e n c e ) .  For t h i s  r eason  
subsequent  measurements were reco rded  a s  changes from t h e  " b e z e l s  
on" v a l u e  r a t h e r  t h a n  t h e  in t ended  0-0. 
Follow-Up Checks. The aim c o n d i t i o n  of t h e  s u b j e c t  v e h i c l e s  
were checked a t  i n t e r v a l s  of approximate ly  two, f i v e ,  e i g h t  and 
twelve months, 
The follow-up checks were made us ing  t h e  same space ,  equip-  
ment and procedures  a s  t h e  i n i t i a l  check excep t  t h a t  t h e  b e z e l s  
were n o t  removed. The c a r s  were checked wi th  t h e  same g a s o l i n e  
l e v e l s  a s  t h e y  had f o r  t h e  f i r s t  check and accumulated mileage 
noted.  The mileage r eco rded  was q u i t e  v a r i a b l e .  From one check 
t o  ano the r  it ranged from abou t  300 miles t o  more t h a n  6000. T o t a l  
mi leage  accumulated over  t h e  t e s t  p e r i o d  ranged from about  3500 t o  
more t h a n  23,000. 
RESULTS. The a t t r i t i o n  r a t e  of t h e  sample was much h i g h e r  
t h a n  a n t i c i p a t e d ,  w i t h  t h e  r e s u l t  t h a t  fewer than  h a l f  of t h e  
c a r s  completed a l l  f o u r  rneasures, A much b e t t e r  r e p r e s e n t a t i o n  
(33  c a r s )  completed t h e  f i r s t  t h r e e  checks,  s o  t h e  r e s u l t s  were 
t a b u l a t e d  based on t h i s  sample o v e r  an eight-month pe r iod .  
The r e s u l t s  of t h i s  s t u d y ,  based on a  sample of  33 c a r s ,  
a r e  summarized i n  Table  3 .  Shown a r e  v a l u e s  ( i n  i n c h e s  a t  25 
f e e t )  f o r  one s t a n d a r d  d e v i a t i o n  f o r  5 3/4" and 7"  bu lbs .  There 
were 60 o f  t h e  former on 15 sample c a r s  and 36 of t h e  l a t t e r  on 
1 8  sample c a r s .  
TABLE 3 .  V a r i a b i l i t y  i n  Headlamp A i m  Over Time o f  a Sample 
of  Automobiles i n  Normal S e r v i c e .  
A s  r e c e i v e d  
A f t e r  aim 
Changes from 
" a f t e r  aim" 
c o n d i t i o n :  
Two months 
I n  Table  3 ,  " a s  r ece ived"  shows t h e  c o n d i t i o n  o f  lamps a s  
t h e y  were f i r s t  measured b e f o r e  aiming. A f t e r  t hey  had been 
aimed and t h e  b e z e l s  r e i n s t a l l e d  t h e r e  was s t i l l  a p p r e c i a b l e  
s c a t t e r ,  a s  shown i n  t h e  " a f t e r  aim" v a l u e s .  The l i s t i n g s  
r e p o r t e d  f o r  t h e  check i n t e r v a l s  o f  2 ,  5 and 8 months, show s t a n -  
da rd  d e v i a t i o n s  of change from t h e  " a f t e r  aim" c o n d i t i o n .  These 
v a l u e s  would be " 0 "  had t h e  r e a d i n g s  s t a y e d  t h e  same a s  t h e y  were 







F i v e  months V 
H 
E i g h t  months V 
H 
The r e s u l t s  i n d i c a t e  t h a t  there  was a  change i n  aim a f t e r  
t h e  f i r s t  two-month p e r i o d  b u t  l i t t l e  o r  no change t h e r e a f t e r  
w i t h  t h e  e x c e p t i o n  of  t h e  7" b u l b s  i n  t h e  l a s t  check p e r i o d .  
A c t u a l l y ,  t h e  change f o r  t h e  7" b u l b s  a t  t h e  eight-month check 
S tanda rd  Devia t ion  o f  Sample ( i n .  a t  25  f t , )  
5 3/4" b u l b s  I 7" b u l b s  
I 
4 . 2  
4 . 5  
0 . 7  
1 . 2  
1.6 
1 . 2  
1 . 4  
0.8 
1 . 5  
0 . 8  
3.6 
5 . 2  
0.6 
0.7 
1 . 7  
0.9 
1 . 8  
0 .9  
2 . 4  
2.5 
was l a r g e l y  a t t r i b u t a b l e  t o  very  s u b s t a n t i a l  changes on t h e  p a r t  
of two c a r s  i n  t h e  sample. The rest of t h e  c a r s  cont inued t o  
show l i t t l e  o r  no change. Indeed,  i f  t h e  two c a r s  i n  q u e s t i o n  
a r e  removed from t h e  sample t h e  s t andard  d e v i a t i o n  f o r  t h e  H 
dimension a t  e i g h t  months drops  t o  1.00. 
The response  t o  t h e  q u e s t i o n n a i r e  submit ted t o  t h e  p a r t i c i -  
p a n t s  a r e  summarized i n  Table 4 .  A s u b s t a n t i a l  number of  t h e  
s u b j e c t s  had some exper ience  r e l a t e d  t o  headlamp aim, e i t h e r  by 
having lamps aimed o r  i n s p e c t e d  f o r  aim. R e l a t i v e l y  few of t h e  
c a r s  i n  t h i s  sample had e v e r  been aimed by t h e i r  p r e s e n t  owners, 
however. 
TABLE 4 ,  R e s u l t s  of Survey on Headlamp A i m  Experience Given 
t o  P a r t i c i p a n t s  i n  Lamp A i m  S t u d i e s .  
Have you e v e r  had t h e  lamps aimed on t h i s  c a r ?  
Have you ever  had t h e  lamps aimed on any c a r ?  
Have you ever  been stopped f o r  v e h i c l e  i n s p e c t i o n  
i n  Michigan? 
I f  yes ,  d i d  your headlamps pass?  
Have you ever  l i v e d  i n  a  s t a t e  t h a t  had compulsory 
v e h i c l e  i n s p e c t i o n ?  
I f  y e s ,  d i d  your headlamps ever  f a i l  t o  p a s s  
i n s p e c t i o n ?  
Yes No 
DISCUSSION. The r e s u l t s  o f  t h i s  su rvey  a r e  a t  v a r i a n c e  
w i t h  t h e  r e s u l t s  and c o n c l u s i o n s  p r e s e n t e d  by Finch  e t  a l .  (1969) 
and i n  s u p p o r t  o f  H u l l  e t  a l .  (1972) .  The d a t a  from t h i s  s t u d y  
i n d i c a t e  a  s h o r t - t e r m  change w i t h  good s t a b i l i t y  t h e r e a f t e r .  
T h i s  s u g g e s t s  t h a t  a  s i g n i f i c a n t  p a r t  o f  t h e  aim change r e p o r t e d  
by o t h e r  i n v e s t i g a t o r s  may, i n  f a c t ,  r e s u l t  from aiming p rocedures  
which produce an  u n s t a b l e  c o n d i t i o n  i n  t h e  lamp f i x t u r e .  Experi-  
ence  s u g g e s t s  t h a t  methods which r e q u i r e  c a r e  and f u s s i n g  on t h e  
p a r t  o f  s e r v i c e  p e r s o n n e l  a r e  u n l i k e l y  t o  y i e l d  c o n s i s t e n t l y  good 
r e s u l t s .  However, i f  a  r e d e s i g n  can be  e f f e c t e d  i n  t h e  lamp 
s u p p o r t  system which r educes  t h e  p r o b a b i l i t y  o f  i n s t a b i l i t y  i n  
t h e  mechanism a f t e r  t h e  a d j u s t i n g  screws have been moved, it may 
r e s u l t  i n  a  s i g n i f i c a n t  improvement i n  t h e  s t a b i l i t y  o f  aim o f  
headlamps i n  s e r v i c e .  
A I M  AS A FUNCTION OF SERVICE: TRUCKS 
BACKGROUND. T h i s  s t u d y  sought  t o  p rov ide  i n f o r m a t i o n  r ega rd -  
i n g  t h e  s t a b i l i t y  o f  headlamp aim on a  sample o f  t r u c k s  i n  a  
v a r i e t y  of  s e r v i c e  a p p l i c a t i o n s .  
Work o f  t h i s  t y p e  h a s  n o t  been r e p o r t e d  e l sewhere ,  t o  t h e  
a u t h o r s '  knowledge. Hu l l  e t  a l .  (1972) i n v e s t i g a t e d  t h e  aim 
c o n d i t i o n  o f  a  sample o f  363 heavy d u t y  t r u c k s  of v a r i o u s  makes 
and t y p e s .  They found t h a t  about  50% of  a l l  t h e  lamps were ou t -  
s i d e  SAE l i m i t s .  They d i d  n o t ,  however, check aim change o v e r  
time. 
Trucks ,  i n  g e n e r a l ,  a r e  d r i v e n  more miles p e r  u n i t  time, 
and see h a r d e r  s e r v i c e  t h a n  passenge r  c a r s .  Th i s  would be 
expec ted  t o  r e s u l t  i n  a  h i g h e r  i n c i d e n c e  of  misaim f o r  t r u c k s .  
METHOD. The sample o f  t r u c k s  checked i n  t h i s  s t u d y  were 
drawn from two s o u r c e s ,  a t r u c k  r e n t a l  agency and a t r a n s i t - m i x  
c o n c r e t e  company, F i v e  t y p e s  o f  v e h i c l e s  were a v a i l a b l e  from 
t h e  r e n t a l  agency: sma l l  vans ,  and s i n g l e - a x l e  t r u c k s  wi th  
box-bodies of  1 2 ,  16 ,  18 and 20 f o o t  l e n g t h s .  The cement haul -  
i n g  f i r m  had a  h a l f - t o n  p ickup t r u c k  and e i g h t e e n  tw in  a x l e  
t r a n s i t - m i x  t r u c k s .  
The t r u c k s  i n  t h i s  survey  were exposed t o  a  wide v a r i e t y  
of  s e r v i c e  ( e s p e c i a l l y  t h e  r e n t a l  u n i t s ) ,  g e n e r a l l y  s h o r t  h a u l s  
a t  low t o  medium speed. No long-haul  t r u c k s  were inc luded .  The 
r e n t a l  u n i t s  were d r i v e n  an average  of about  10,000 miles d u r i n g  
t h e  t e s t  p e r i o d ,  t h e  t r a n s i t - m i x  t r u c k s  were i n  o p e r a t i o n  from 
500 t o  1700 hours .  
Both agenc ie s  were ve ry  c o o p e r a t i v e  w i t h  t h e  survey  person-  
n e l ,  p r o v i d i n g  paved and s h e l t e r e d  p l a c e s  f o r  t h e  measurements. 
The g e n e r a l  p rocedure  was t h e  same a s  employed i n  t h e  automotive 
aim maintenance s tudy .  Each t r u c k  was checked f o r  i n i t i a l  condi-  
t i o n  and t h e  lamps s e t  t o  0-0 u s i n g  mechanical  a imers .  The lamps 
were checked a g a i n  about  s i x  months l a t e r  u s i n g  t h e  same equip-  
ment and l o c a t i o n .  About 50 t r u c k s  were inc luded  i n  t h e  o r i g i n a l  
sample. 
RESULTS. For  a v a r i e t y  of  r e a s o n s ,  about  h a l f  t h e  t r u c k s  
were l o s t  from t h e  sample d u r i n g  t h e  t e s t  pe r iod .  Unfo r tuna te ly ,  
a l l  b u t  t h r e e  of  t h e  t r a n s i t - m i x  t r u c k s  were conver ted  t o  a  t h i r d  
" t a g  a x l e "  arrangement d u r i n g  t h i s  p e r i o d .  S ince  t h i s  would 
change t h e i r  v e r t i c a l  aim by an unknown amount, t h e y  were dropped 
from t h e  s tudy .  Other  t r u c k s  were s o l d  o r  s u f f e r e d  c r a s h  damage. 
The f i n a l  sample c o n s i s t e d  of  2 6  u n i t s ,  w i t h  52 headlamps. 
The i n i t i a l  check found, a s  d i d  Hu l l  e t  a l .  (1972) t h a t  
h a l f  t h e  lamps were o u t s i d e  SAE s p e c i f i c a t i o n s  i n  a t  l e a s t  one 
dimension. The s t a n d a r d  d e v i a t i o n  ( i n  inches  a t  25 f e e t )  were 4 .4  
v e r t i c a l l y  and 3 . 0  h o r i z o n t a l l y .  I n  t h i s  sample, t h e  lamps 
tended t o  be  up ( ave rage  o f  2.5 i n c h e s )  and t o  t h e  l e f t  ( ave rage  
of  0 . 5  i n c h )  . 
I n  t h e  follow-up check about  s i x  months l a t e r ,  about  15% of 
t h e  sample were o u t s i d e  SAE s p e c i f i c a t i o n s .  The s t andard  devia-  
t i o n  f o r  t h e  v e r t i c a l  dimension was 3.1 inches  and f o r  t h e  h o r i -  
z o n t a l  dimension it was 3.0 inches .  The aim b i a s  was now down 
(average  of 1 . 4  i nches )  and t o  t h e  r i g h t  (average  of  0 . 8  i n c h ) .  
DISCUSSION. The r e s u l t s  of t h i s  survey suppor t  t h e  i d e a  
t h a t  aim change a s  a  func t ion  of s e r v i c e  i s  more of a  problem 
with t r u c k s  than automobiles.  The s t andard  d e v i a t i o n  f o r  t h i s  
sample of t r u c k s  was about  twice  a s  g r e a t  v e r t i c a l l y  and t h r e e  
t imes  a s  g r e a t  h o r i z o n t a l l y  a s  t h e  sample of c a r s  desc r ibed  i n  
Table 3. 
I n  t h e  preceeding chap te r  on s t a b i l i t y  of automobile head- 
lamp aim t h e  f a c t  t h a t  almost a l l  change occurred i n  t h e  f i r s t  
check pe r iod  l e d  t o  t h e  sugges t ion  t h a t  poor aiming technique  
( i . e . ,  f a i l i n g  t o  t u r n  t h e  a d j u s t i n g  screws t o  p roper ly  t e n s i o n  
t h e  s p r i n g )  mi2y be a  major source  of aim var iance .  Because only  
one check was made, and t h a t  a f t e r  an apprec iab le  t ime pe r iod ,  
t h e  e x t e n t  t o  which t h e  va r i ance  measured i n  t h i s  s tudy can be 
a t t r i b u t e d  t o  poor aiming technique cannot  be es t imated .  The 
evidence does sugges t ,  however, t h a t  improvements i n  lamp mount- 
i n g  mechanism f o r  t r u c k s  l e a d i n g  t o  improved r e s i s t a n c e  t o  v ib ra -  
t i o n ,  e t c .  ma!? s i g n i f i c a n t l y  reduce aim var iance  i n  t h i s  type  of 
v e h i c l e .  
VEHICLE LOADING 
BACKGROUND. This  s tudy sought some i n d i c a t i o n  of t h e  e f f e c t  
of v e h i c l e  loading on headlamp aim. The i n t e n t  was t o  e s t i m a t e  
t h e  e f f e c t  of va r ious  load ing  c o n f i g u r a t i o n s  up t o  f u l l - r a t e 6  
load on lamp aim. 
METHOD. Seven v e h i c l e s  were s e l e c t e d  f o r  t h e  s tudy.  They 
were in tended t o  be r e p r e s e n t a t i v e  of t h e  types  of v e h i c l e s  found 
on t h e  roads today. Each c a r  was moved t o  a  s p e c i f i c  p o s i t i o n  
on a ramp f a c i n g  i n t o  a  darkened room. A s p o t  aimer was used 
(F igure  1 2 )  and focused on a sc reen  25 f e e t  from t h e  lamp (F igure  
13). A f i r s t  measurement was taken wi th  a  f u l l  gas tank and 
150 l b s  i n  t h e  d r i v e r s t  s e a t .  A l l  o t h e r  measures were re fe renced  
t o  t h i s  one. Two read ings  had t o  be taken each time; t h e  h e i g h t  
of t h e  s p o t  on t h e  sc reen  and t h e  h e i g h t  of t h e  aimer, 
The load ings  were inc reased  one "passenger" (150 l b s )  a t  a  
t ime,  f i r s t  i n  t h e  f r o n t  and then i n  t h e  back s e a t .  F i n a l l y ,  
t h e  luggage space was loaded i n  50 l b  increments  (200 l b  inc re -  
ments i n  t h e  case  of t h e  pickup t r u c k )  t o  capac i ty .  Weights were 
then  removed, beginning wi th  t h e  r e a r  s e a t  and ending wi th  f u l l  
luggage load and " d r i v e r . "  A f t e r  each change t h e  c a r  was rocked 
from both s i d e s  and bounced a t  a l l  c o r n e r s  i n  an e f f o r t  t o  
e q u a l i z e  t h e  suspension.  I n  a d d i t i o n ,  t h e  c a r s  were o c c a s i o n a l l y  
moved back and f o r t h  t e n  f e e t  o r  s o  t o  permit  t h e  t i r e s  t o  equal-  
i z e  s i d e  f o r c e s  a s s o c i a t e d  wi th  suspension d e f l e c t i o n .  This  
l a t t e r  p recau t ion  d i d  no t  r e s u l t  i n  d i s c e r n a b l e  changes, however. 
RESULTS. A summary of  t h e  r e s u l t s  of t h i s  s tudy i s  pre-  
sen ted  i n  Table 5 which compares d e f l e c t i o n s  a s s o c i a t e d  wi th  d i f -  
f e r e n t  v e h i c l e s  f o r  comparable cond i t ions .  The values  shown a r e  
changes from t h e  d r i v e r  (150 l b s )  on ly - - fu l l  gas tank cond i t ion .  
Also shown i n  Table 5 a r e  r e s u l t s  from comparable c a r s  and 
c o n d i t i o n s  r e p o r t e d  by Hul l  e t  a l .  ( 1 9 7 2 ) .  Hull  r e p o r t s  p i t c h  
changes a s  a  func t ion  of load  cond i t ion  bu t  does n o t  d e s c r i b e  
t h e  b a s e l i n e  cond i t ion .  Thus, t h e  d a t a  may n o t  be s t r i c t l y  com- 
pa rab le .  However, f o r  t h e  Mustang and s t a t i o n  wagon t h e  agree- 
ment i s  good. The Plymouth i n  H u l l ' s  r e p o r t  showed g r e a t e r  d e f l e c -  
t i o n  than t h e  one measured i n  t h i s  s tudy.  There i s  q u i t e  sub- 
s t a n t i a l  disagreement concerning t h e  VW, however. This  may w e l l  
have come about if t h e  e n t i r e  2 0 6  pound " t runk"  load i n  t h e  d a t a  
r e p o r t e d  by Hul l  were p laced i n  t h e  f r o n t  s t o r a g e  compartment. 
F i g u r e  12. Spot aimer i n  u s e  i n  t h e  s t u d y  of e f f e c t s  
of v e h i c l e  load ing  on aim. 
F i g u r e  1 3 .  Set -up  used  in vehic le  loading study. 

The wors t  c o n d i t i o n  t e s t e d  was 100 l b s  i n  f r o n t  p l u s  d r i v e r ,  
which produced a  change from t h e  b a s e l i n e  c o n d i t i o n  of  1 1 / 2  inches  
a t  25 f e e t .  
D I S C U S S I O N .  The r e s u l t s  r e p o r t e d  make c l e a r  t h e  f a c t  t h a t  
v e h i c l e  l o a d i n g  i s  a  major source  of headlamp aim var iance  of  
c a r s .  S ince  t h e  most usua l  change i s  upwards, t h i s  w i l l  r e s u l t  
i n  s u b s t a n t i a l  i n c r e a s e s  i n  g l a r e  f o r  o t h e r  d r i v e r s .  
CONCLUSIONS 
A number of  f a c t o r s  have been found t o  be s i g n i f i c a n t  con- 
t r i b u t o r s  t o  headlamp aim var iance .  Based on t h e  f i n d i n g s  of  
t h e s e  s t u d i e s ,  t h e  fo l lowing f a c t o r s  appear  t o  be of  g r e a t e s t  
consequence. 
LAMP FACTORS 
There i s  very l i t t l e  evidence a v a i l a b l e  on lamp f a c t o r s .  
The d a t a  which have been r e p o r t e d  by Finch e t  a l .  (1969) and 
Hul l  e t  a l .  (1972) sugges t  t h a t  beam changes a s  a  f u n c t i o n  of 
use may be a  s i g n i f i c a n t  source  of aim var iance .  Unfor tuna te ly ,  
a  r easonab le  e s t i m a t e  of  t h e  v a r i a n c e  a s s o c i a t e d  wi th  t h i s  fac-  
t o r  cannot  be made on a  b a s i s  of t h e  a v a i l a b l e  evidence ,  b u t  i t  
would appear  t o  be one of t h e  more s i g n i f i c a n t  f a c t o r s .  More 
d a t a  a r e  needed t o  c l a r i f y  t h i s  ma t t e r .  
V E H I C L E  FACTORS 
V i r t u a l l y  a l l  t h e  v e h i c l e  f a c t o r s  mentioned appear  t o  be 
s i g n i f i c a n t  sources  of aim var iance .  The lamp mounting mechanism, 
t h e  t a r g e t  of f r e q u e n t  c r i t i c i s m ,  appears  capable  of r e t a i n i n g  a  
s e t t i n g  w e l l  enough t o  n o t  warrant  i n c l u s i o n  a s  a  major source  of 
aim v a r i a n c e ,  a t  l e a s t  i n  passenger  c a r s .  However, t h e  evidence 
s u g g e s t s  t h a t  it i s  d i f f i c u l t  t o  achieve  a  s t a b l e  s e t t i n g  when 
t h e  aim must be changed. Dog t r a c k i n g ,  matchboxing and t h e  t r a c k -  
i n g  e f f e c t s  of c e r t a i n  t i res a r e  a l l  s i g n i f i c a n t  f a c t o r s  i n  h o r i -  
zontal aim variance, and pitch changes resulting from static loads 
and acceleration forces can produce very significant vertical aim 
variance. 
AIMING FACTORS 
The following is a brief summary of the various aiming tech- 
niques together with the virtues and short-comings of each. 
VISUAL AIMING. Visual aiming requires no equipment (although 
it is facilitated by a screen with adjustable H and V reference 
lines), and is unaffected by matchboxing and misorientation of 
beam and aiming plane. It requires about 45 feet of space in a 
dark area, is affected by dog tracking and locating the longi- 
tudinal axis of the vehicle. The aiming is a subjective process 
which results in a low level of reliability, 
VISUAL AIMING - MACHINE. This technique saves space as com- 
pared to basic visual aiming, but requires a bulky and fairly 
costly piece of equipment. Other factors remain the same except 
the reliability seems, if anything, worse. 
PHOTOMETRIC AIMING. This technique is unaffected by match- 
boxing and misorientation of the beam and aiming plane. The 
reliability is much better than the two preceding methods and 
about equal to mechanical aiming. The equipment, however, is 
bulky and fairly costly; in addition, accuracy is affected by 
dog tracking and locating the longitudinal axis of the vehicle. 
MECHANICAL AIMING. This technique is fast, simple and 
equal to photometric techniques in reliability. No estimate of 
the longitudinal axis is required. The equipment is inexpensive, 
light and easily stored. Overall accuracy is affected by dog 
tracking, matchboxing and misorientation of the aiming plane and 
beam. 
All the techniques have various flaws, which must be con- 
sidered in addition to human factors as significant sources of 
variance. The most accurate aiming technique would appear to be 
the photometric, except for the problem of locating the vehicle 
long axis. Further work to solve this problem might be worthwhile. 
Jehu (1954b) has described an aiming device which had been 
specially modified to reduce a number of sources of aim error. 
Noteworthy is the means employed to obtain alignment with the 
vehicle long axis, an adaptation from a tester manufactured by 
Cibi6. Basically, this technique uses a metal bar, perpendicular 
to the optical axis of the aimer, which is brought into contact 
with the front wheels of the vehicle. Jehu reports a standard 
deviation for alignment with the long axis of about two inches at 
25 feet using this technique. This compares favorably with the 
results reported in this paper for the photometric aimer on the 
easiest vehicles. There are no data on the relationship of such 
factors as dog tracking and matchboxing to alignments achieved in 
the manner described. The primary virtues of the technique, if 
it is sufficiently accurate, are that it is very fast and nearly 
fool proof. It would add appreciably to the bulk of the aimer, 
however. 
In sum, there are a number of sources of aim variance, some 
of which are quite significant and for many of which compensa- 
tion cannot be readily provided. The following suggestions are 
offered which may aid the situation: 
1, Ways should be found to reduce the variance associated 
with locating the long axis of the vehicle for those techniques 
which require it. This could be done by installing permanent 
marks on the vehicle at the time of manufacture or devising a 
simple and more effective alignment technique which is part of 
the aimer. The method suggested by Jehu (1954b) and described 
above might be investigated as a possibility. 
2 .  Design changes to reduce the friction in the headlamp 
adjusting mechanism would be desirable. A general increase in 
the structural rigidity of the headlamp support mechanism would 
undoubtedly aid the problem as well, but appears to be of less 
consequence. 
3. Ways must be found to encourage proper use of mechanical 
aimers and keep them in calibration. Proper use may be facili- 
tated by printing the basic procedural steps on the side of the 
aimer unit, so that it is always clearly visible to the service 
personnel. 
The need for periodic calibration checks should be stressed 
in the descriptive literature for these units to discourage buyers 
from acquiring aimers without the calibration device. Alterna- 
tively, it may be possible to include with each set of aimers a 
very simple, inexpensive check device. As an example, this could 
take the form of mouldings in the shape of a headlamp lens, which 
could be permanently affixed to a wall in the shop. By noting 
the settings required to get proper "aim" when the units were 
first acquired, changes in calibration could be readily detected 
on subsequent checks. 
4. Vertical aim compensation would be a desirable feature 
for automobiles. As already noted, this is available in a 
variety of forms at present. Since trim changes around the 
pitch axis appear to be a major source of vertical aim variance, 
significant improvements in lamp aim of vehicles on the road 
could be achieved in this way. 
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